Purpose: Emerging optical imaging technologies such as confocal laser endomicroscopy (CLE) hold promise in improving bladder cancer diagnosis. The purpose of this study was to determine the interobserver agreement of image interpretation using CLE for bladder cancer.
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Introduction:
Probe-based confocal laser endomicroscopy (CLE) is an emerging optical imaging technology that enables endoscopic microscopy of mucosal lesions, with dynamic, subsurface imaging of tissue microarchitecture and cellular features. The technology has been applied as an adjunct to standard white light endoscopy in the respiratory 1 and gastrointestinal tracts, [2] [3] [4] and recently in the urinary tract. [5] [6] [7] [8] Particularly for bladder cancer, a new generation of imaging technologies such as CLE may augment the diagnostic accuracy of white light cystoscopy (WLC) through improved visualization of flat lesions, differentiation of benign from neoplastic tumors, and delineation of the tumor boundaries. 9 Based to the well-established principle of confocal microscopy 10, 11 , CLE is performed using a fiberoptic, sterilizable probe that fits within the working channel of a standard cystoscope.
Optical sectioning of the tissue of interest with micron-scale resolution is achieved using a 488 nm laser as the light source and fluorescein, a FDA-approved drug that may be administered intravesically or intravenously, as the contrast agent. Previously, we demonstrated the feasibility of using CLE to obtain real-time in vivo images of bladder tumors 6 and developed diagnostic criteria for grading bladder tumors using CLE. 5 Interobserver agreement studies are useful in determining the subjective variation in interpretation amongst observers in analyzing images. 12 Methods that demonstrate higher levels of agreement between observers are deemed more reliable. 12 In disciplines that require subjective interpretation of diagnostic imaging such as pathology 13, 14 and radiology, 15 interobserver studies are commonly applied to determine reproducibility of the results from one observer to another. Interobserver agreement studies for CLE have been studied in the This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof.
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gastrointestinal tract, which have ranged from "moderate" to "good" agreement in the diagnosis of colorectal cancer 16 to "substantial" and "almost perfect" agreement in Barrett's esophagus. 17 Interobserver agreement of CLE in the urinary tract has not been previously examined, which can assess the reliability of the technology between observers and evaluate the adoptability of the CLE in novice users. The aim of this study was to determine the interobserver agreement and diagnostic accuracy of CLE for bladder cancer.
Methods:
Observer Recruitment
The study was approved by the Stanford University Institutional Review Board and the VA Palo
Alto Health Care System (VAPAHCS) Research and Development Committee. The study consisted of four observer groups. The first was an experienced CLE urologist group consisting of a board certified urologist and a urology chief resident involved in the protocol development of CLE for the urinary tract. The remaining three groups were novice CLE observers with no prior experience with CLE, consisting of six board certified urologists, four pathologists, and five nonclinical researchers. The novice CLE urologists were expert WLC users, but the pathologists and nonclinical researchers had no experience with WLC. The nonclinical researchers ranged from an undergraduate student to Ph.D. scientists and engineers. All groups participated in identical training sessions.
Teaching and Validation Set
The observers participated in a two-hour, computer-based training that consisted of separate teaching and validation sets that featured intraoperative WLC and CLE videos from selected patients undergoing transurethral resection of bladder tumor at the VAPAHCS from 2008-2011.
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The computer-based, interactive training was created in a website format compatible with common internet browsers for easy access and future scalability. The observers were first introduced to background information on bladder cancer and CLE technology ( Figure 1A ).
Using still images and video sequences, the observers were instructed to identify three microarchitectural features (flat vs. papillary, tissue organization, and vascularity) and three cellular features (morphology, cohesiveness, and borders) of benign and pathological urothelium using CLE. Diagnostic criteria ( Table 1 ) were developed that associated the six features to benign and cancerous urothelium, and the observers were instructed to categorize each sequence as benign, low grade (LG) or high grade (HG) cancer. Fifteen CLE video sequences were provided in a teaching set for the observers to iteratively practice diagnosing the sequences ( Figure 1B ).
Following the teaching set, the observers proceeded to the validation set to evaluate 32 CLE video sequences consisting of 12 benign, 9 LG, 11 HG images ( Figure 1C ). The benign sequences were from biopsy-confirmed normal mucosa, inflammation, and papilloma, LG sequences were from LG papillary tumors, and HG sequences were from HG papillary tumors and carcinoma-in-situ. The observers were able to pause and review each video clip frame-byframe. All observers were blinded to patient history and final pathology and were asked to diagnose and grade each clip as benign, LG or HG. Upon completing the 32 CLE sequences, the four pathologists and five nonclinical researchers concluded the study. The experienced CLE urologists and novice CLE urologists were asked to further diagnose an additional set of 32 corresponding WLC images in different order, followed by a third and final set of 32 images where the CLE and WLC were shown together. The data were gathered to determine the interobserver agreement and diagnostic accuracy. This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof.
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From the 32 sequences reviewed by the observers, one of the original HG sequences was excluded due to a discrepancy in the final pathologic diagnosis. The resulting 31 responses of benign, LG or HG from each of the observers for the 31 images with correlating histopathological information were used to generate the interobserver agreement and diagnostic accuracy data analyses. For cancer diagnosis, all 31 responses were used. However, for cancer grading, a subset of the 19 cancer (9 LG and 10 HG) sequences found on histopathology were used.
In addition to diagnosing and grading each of the sequences as the other groups did, the experienced CLE urologist group was asked to also identify the six key CLE features (Table 1) for each sequence.
Statistical Analysis
Interobserver agreement was assessed using the Fleiss κ statistic. The description for κ To determine diagnostic accuracy, a dedicated pathologist (R.V.R.) who was blinded to the clinical history and not included in the pathologist group reviewed all the histopathological slides corresponding to each bladder lesion. Sensitivity and specificity was calculated using the histopathological results as the standard. cellular borders had substantial levels of agreement. The experienced CLE urologists had moderate agreement in the ability to determine flat vs. papillary using CLE, while they had a fair level of agreement in characterizing cellular cohesiveness. Table 3 shows the interobserver agreement and diagnostic accuracy for cancer diagnosis.
Results:
Experienced CLE urologists had substantial to almost perfect levels of agreement for CLE and WLC+CLE, which were both greater than WLC alone. The novice CLE urologists had moderate levels of agreement for all groups. The sensitivity and specificity for all groups were between 73
and 89%. Table 4 shows the interobserver agreement and diagnostic accuracy for cancer grading. All groups had decreased levels of agreement compared with cancer diagnosis except for nonclinical researchers who had a slightly increased κ compared with cancer diagnosis (0.56 vs.
0.49). There was also an unexpected decrease in κ for experienced CLE urologists from WLC to WLC+CLE (0.67 to 0.33). For low grade cancer, experienced CLE urologists had increased sensitivity and specificity with the addition of CLE to WLC (sensitivity 64%, specificity 81%) compared with standard WLC alone (sensitivity 55%, specificity 50%). Novice CLE urologists showed an increase in specificity with the addition of CLE to WLC as well (specificity 65%) compared to WLC alone (specificity 54%). For low grade, the novice groups all had similar diagnostic accuracy using CLE alone (sensitivity 49-52%, specificity 66-75%). For high grade cancer, experienced CLE urologists showed an increase in sensitivity for WLC+CLE (sensitivity 69%) compared with WLC (sensitivity 50%) while maintaining specificity (specificity 73% for both) with the addition of CLE to standard WLC. For novice CLE urologists, there was an increase in sensitivity but a decrease in specificity with the addition of CLE to standard WLC. This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof.
Discussion:
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Our single-center study indicates that CLE image interpretation of bladder cancer is adoptable by novice observers through a two-hour computer-based interactive training. We created a training session centered on guiding observers to identify six key CLE features in analyzing bladder cancer microarchitecture and cellular morphology. There were substantial levels of agreement for four of the six features, suggesting that these features can be identified reliably with proper training. The moderate level of agreement for the flat vs. papillary feature was not unexpected as it is a feature more easily identified on a macroscopic level by WLC than on a microarchitectural level. The cohesiveness feature had a fair level of agreement, suggesting that further refinement of the criteria may be necessary to improve the reliability of this feature.
Once the observers were trained to identify these features, they were introduced to a The interobserver agreement and diagnostic accuracy results were reported separately for CLE, WLC, and WLC+CLE. Data on CLE alone was useful in assessing the technology itself and observing its standalone performance without the bias of WLC. The WLC information provided baseline data as it is the standard imaging modality for bladder cancer. However, the practical use of CLE in the clinical setting would involve WLC for the initial survey of the bladder and guiding of the CLE probe to the area of interest. Thus, the WLC+CLE data provides the most clinically relevant information. As pathologists and nonclinical researchers had no prior training in WLC, they were only asked to review CLE alone.
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The ability of novice observers to learn CLE image interpretation was demonstrated by the performance of the various groups after a two-hour training session. For cancer diagnosis ( Experienced CLE urologists obtained substantial to nearly perfect levels of agreement for CLE and WLC+CLE with κ of 0.80 while also maintaining the level of sensitivity and specificity compared to WLC. CLE outperformed WLC for the experienced CLE urologists group with respect to interobserver agreement. The result suggests that for cancer diagnosis, CLE may provide added value compared to WLC since it has greater interobserver reliability without sacrificing diagnostic accuracy. In short, the results indicate that a two-hour training session may enable novice users to achieve similar levels of interobserver reliability and diagnostic accuracy as WLC for cancer diagnosis, while greater reliability is seen for CLE compared with WLC in experienced CLE urologists. This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof.
In regards to cancer grading, the interobserver agreement for cancer grading was in the fair to moderate range for CLE, WLC and WLC+CLE, which was generally lower than for cancer Our study has several limitations. First, our interobserver agreement for cancer grading analysis was a subset analysis of the confirmed cancers from the original data set. When reviewing the sequences, the observers were given the option to grade the sequences as benign, LG, or HG, rather than simply LG or HG. The additional choice may have contributed to the overall lower interobserver agreement compared to cancer diagnosis. Nevertheless, the occurrences were few, and as the data analysis reflects a more clinically relevant and practical scenario of clinicians grading an unknown lesion, the study was designed accordingly. Second, there may be selection bias of the CLE video sequences, which were edited offline and chosen non-randomly by a member of our team with the subjective criteria of image quality (fair to good) and roughly equal distribution of benign, LG, and HG lesions. This individual did not participate as an observer for the study. Third, there may be recall bias from the experienced CLE urologists who acquired the original CLE sequences. The use of an independent member from our team to select the images and video sequences mitigates, but does not eliminate, this Overall, novice CLE observers demonstrated the ability to use CLE as an adjunct to WLC to diagnose bladder cancer following a brief training. Nonclinical researchers with no clinical training were able to diagnose bladder cancer to a comparable level as clinically trained novice CLE observers, highlighting the adoptability and translatability of the CLE technology to a wide range of novice users. Our results indicate that further studies are warranted that refines the CLE features used in diagnosing and grading bladder cancer as well as multi-center studies that validate the translatability of this study.
Future directions include prospective multi-center studies to investigate the overall clinical utility of CLE, as well as cost-benefit analyses, which will be necessary for widespread adoption of CLE for bladder cancer diagnosis and grading. In addition, CLE, as a microscopic imaging modality, may be combined with other new macroscopic imaging technologies (i.e.
photodynamic diagnosis and narrow band imaging) already in clinical use to improve the overall optical diagnosis of bladder cancer. 
Conclusion:
CLE is an adoptable technology for novice CLE observers following a training session with moderate interobserver agreement and diagnostic accuracy similar to WLC alone. Experienced CLE observers may be capable of achieving substantial levels of agreement for cancer diagnosis that is markedly higher than with WLC alone. Fair to moderate levels of agreement This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof.
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are achieved for cancer grading, although literature suggests the variability may in part be attributable to the grading classification system. This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof. This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof. 
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